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Abdominal perfusion
pressure visceral circulationAbstract Ongoing studies investigating the intra abdominal pressure (IAP) shifted the belief of
mesenteric circulation not to be only a culprit of decreased arterial hypoperfusion, but also other
hydrostatic forces may impose its perfusion and may also act directly on the tissues. While the
gut theory stated the engine of multiorgan dysfunction syndrome (MODS), abdominal perfusion
pressure (APP) was examined in MODS patients to assess mesenteric circulation instead of merely
abdominal arterial hypoperfusion.
Aim: We aimed to study the correlation between increased ﬂuid gain and low APP and increased
risk for visceral organ hypoperfusion.
Patients and methods: 106 MODS patients were studied retrospectively, and included if a SOFA
subscore ofP2 was recorded in at least 2 organ systems, routine laboratory investigations, lactate,
ﬂuid gain was deﬁned as the cumulative positive ﬂuid gained during resuscitation. Vital signs were
recorded and IAP (measured through UB, closed loop small volume technique) and APP which is
derived from the equation (mean arterial blood pressure MAP – intraabdominal pressure IAP) and
Liver SOFA subscore were calculated as indirect markers of mesenteric hypoperfusion.
Results: The APP on admission was negatively correlated with lactate and ﬂuid gain
(r= 0.388 and .225 P= 0.0001 and .021 respectively).
The lower the APP, the worse the Liver SOFA subscore (85.3 ± 14.2, 75.7 ± 15.3, 73.1 ± 24.6,
76.6 ± 16.8 and 66 ± 17.1 p 0.012), SOFA and lactate were the signiﬁcant predictors for APP.
Conclusion: Low APP and positive ﬂuid gain are associated with deteriorating visceral circula-
tion manifested by high lactate levels and deteriorating liver function.
 2015 The Egyptian College of Critical Care Physicians. Production and hosting by Elsevier B.V. All
rights reserved.
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Intra-abdominal hypertension (IAH) is a frequent occurrence
in critically ill patients [1] with studies that demonstrated that
it is common in some settings [2].
Abdominal perfusion pressure (APP) is a novel, clinically
measurable parameter that has been introduced to explain
the circulatory compromise in the abdominal cavity in the
presence of IAH/ACS [11].
IAH, especially abdominal compartment syndrome (ACS),
can affect organ function [3] and is one of the major causes of
organ failure [4], a syndrome which has plagued intensive care
unit (ICU) patients and physicians for decades [5].
The pathophysiology of IAH and ACS is based on the
chain reaction of physiological processes generated by
increased abdominal pressure which affects almost every organ
and could be fatal without correct diagnosis and treatment.
Bodna´r [4] ﬁnds that it adds to organ dysfunction in a dose-
dependent manner [6], both intra-abdominally and remote
organs are also involved [7].
After initial ﬁlling to reverse distributive shock, emphasis
shifts to limitation and elimination of interstitial edema in vital
organs. Indeed, a positive ﬂuid balance resulting from third
spacing is independently associated with impaired organ func-
tion and worse outcome [8] while ﬂuid resuscitation is an
important aspect of the management of septic shock patients,
more attention to the problem of IAH in this setting is urgently
needed [6].
Because of the nature of the illness and injury associated
with IAH or abdominal compartment syndrome (ACS),
these patients retain large volumes of sodium and water, and
due to capillary leak, this will exacerbate tissue edema
and third spacing triggering a vicious cycle of ongoing IAH
[9].
The signiﬁcant prognostic value of elevated intra-
abdominal pressure has prompted many intensive care units
to adopt measurement of this physiologic parameter as a rou-
tine vital sign in patients at risk. Cheatham [5], ﬁnds that it can
be measured easily and reliably in patients through the bladder
using simple tools [10].2. Aim of the work
 The aim of this work was to evaluate the relationship
between the low abdominal perfusion pressure in patients
with MODS to mesenteric hypoperfusion and progression
of organ failure.
 To evaluate the effect of excessive ﬂuid gain during resusci-
tation and increased IAP and subsequent low APP.
3. Patients and methods
The current study is a cohort retrospective study of 106
patients with MODS admitted to the critical care department
of Cairo university hospital and Theodor Belhars Institute
Cairo, Egypt in the interval between March 2009 and October
2011, and according to the SOFA score, critically ill patients
with MODS, deﬁned as SOFA subscoreP2 of at least 2 organ
system, were included in the study.3.1. Exclusion criteria
1. Age less than 18.
2. Morbidly obese patient deﬁned as BMI more than 40.
3. Patient with a history of chronic kidney disease.
4. Patient had bladder injury, trauma or neurogenic bladder.
5. Extensive burn to the abdominal wall.
In all patients we recorded vital signs, routine laboratory
investigations, lactate, ﬂuid gain, IAP and APP.
IAP was measured via the bladder, using the closed loop
system, ﬁlling the bladder with 100 ml (small volume) 0.9%
sodium chloride, in supine position and zero level at symphesis
pubis, with repeated measurements technique [12] twice daily
for the subsequent 3 days.
APP is calculated as the difference between MAP and mean
IAP, and patients were divided into low and normal APP
based on APP < 60 mmHg or >60 mmHg respectively.
3.2. Primary end points
 To correlate APP with SOFA score a measure for severity
of organ dysfunction.
 To correlate Liver SOFA subscore with high APP as a mea-
sure of mesenteric hypoperfusion.
 Correlate positive ﬂuid gain and increased IAP and subse-
quent low APP.
 To correlate high lactate levels with low APP as a measure
of global hypoperfusion.
3.3. Secondary end point
Correlation between low APP with mortality.
3.4. Statistical analysis
Data were transferred to the Statistical Package of Social
Science Software. P values equal to or less than 0.05 were con-
sidered statistically signiﬁcant. Graphs were used to illustrate
some information.
4. Results
Patients’ mean age was 55.6 ± 16.9; and the mean IAP, MAP
and APP on admission were 7.7 ± 4, 87.5 ± 17.4 and 79.7
± 17.5 respectively.
Based on the reason for ICU admission, there were 85
(80.2%) medical and 21 (19.8%) surgical, while patients who
underwent laparotomy were 12 (11.3%). Diabetes was present
in 42 (39.6) in the study population.
The median and interquartile range for lactate, ﬂuid gain
and Liver SOFA sub score was 2.5 (1.5–5), 547.5
(821_1895) and 0 (0–2) respectively (see Figs. 1 and 2).
A total of 106 patients were included, values are expressed
as mean ± standard deviation number of cases, and ﬁgures in
parentheses are percentages (see Tables 1 and 2).
APP on admission was negatively correlated with lactate











Figure 1 Fluid gain on admission with corresponding APP on








Figure 2 Lactate (mmol/L) on admission with corresponding
APP on admission using a 60 mmHg cut off point and the whole
population.
Table 1 Demographics and on admission parameters of
patients in the study.
Age 55.6 ± 16.9
Male sex 57(53.8%)
BMI 29.4 ± 6.8
APACHE II 25.5 ± 8.4
SOFA 10.2 ± 3.5
IAP 7.7 ± 4
MAP 87.5 ± 17.4
APP 79.7 ± 17.5
Low (APP < 60) 16 (15.1%)
Mortality 80 (75.4%)
Table 2 APP cut off point of 60 mmHg and severity of illness
score, lactate level and ﬂuid gain.
APP < 60 mmHg APP > 60 mmHg P value
Lactate
(mmol/L)
4.9 (3.1_9.5) 2.3 (1.5–4.3) 0.017
Fluid gain 1200 (460_3045) 345 (1384_1730) 0.024
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(85.3 ± 14.2, 75.7 ± 15.3, 73.1 ± 24.6, 76.6 ± 16.8 and 66
± 17.1 p 0.012).
A total of 106 patients were included, values are expressed
as mean ± standard deviation, and ﬁgures with asterisks are
median with interquartile range, APP abdominal perfusion
pressure.4.1. Predictors of APP
Backward Stepwise linear regression was conducted to explore
the signiﬁcant predictors of APP. Variables entered in step 1 of
the model were APACHE II, SOFA day 1, lactate, ﬂuid gain,
AKI day 1, Oliguria < 0.5 ml/kg/h and SIRS. Last step was
signiﬁcant (F= 19.9, df= 2, P< 0.001), R2 = 0.269. Only
SOFA and lactate were the signiﬁcant predictors as shown in
the following tableb
coeﬃcient95% of b t P valueLower
boundUpper
boundConstant 104.741 95.622 113.861 22.785 <0.001SOFA 2.072 3.023 1.121 4.321 <0.001
Lactate 0.982 1.892 0.073 2.142 0.0355. Discussion
The abdomen plays a central role in global increased perme-
ability syndrome and polycompartment syndrome, as acute
inﬂammatory injury incites a cascade of proinﬂammatory
mediators leading to microcirculatory dysfunction, capillary
leak and distributive shock [15].
For several decades, increased IAP has been increasingly
recognized as both cause and consequence of many adverse
events in critically ill patients [10].
The goal of IAP monitoring is not to keep the IAP below a
certain threshold, but rather to establish a sufﬁcient abdominal
perfusion pressure [APP = mean arterial pressure (MAP)
IAP] of 60 mmHg [16].
In our study, the cutoff point APP > or 6 60 mmHg is
used as it is considered to be an indicator of abdominal hypop-
erfusion as it correlated well with survival from IAH and ACS
[2].
APP exerts a deleterious effect on the mesenteric circulation
and visceral organs in speciﬁc more than merely low MAP [17].
Increased IAP results in a decrease in mesenteric blood ﬂow
to 63% of baseline despite maintaining normal mean arterial
blood pressure [18].
IAH causes diminished perfusion of all intra-abdominal
organs, including the gut, liver and pancreas, and causes
mucosal acidosis [19].
IAH and low APP appears to be related to high lactate
levels [2,20].
In our study when we conducted Backward Stepwise linear
regression to explore the signiﬁcant predictors of APP, vari-
ables entered were APACHE II, SOFA day 1, lactate, ﬂuid
gain, AKI Day 1, Oliguria < 0.5 ml/kg/h and SIRS. Only
SOFA and lactate were the signiﬁcant predictors (P< 0.001
and 0.035 respectively).
IAH causes visceral organ hypoperfusion and intestinal
ischemia [21] which leads to impaired mucosal blood ﬂow
and mucosal oxygen delivery, which further leads to anaerobic
cell metabolism, lactic acidosis and free radical generation [18]
causing increased mucosal permeability and bacterial translo-
cation, as has been shown in animal experiments, especially
when combined with ischemia-reperfusion injury [14].
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patients with lower APP (P< 0.001).
In another study on critically ill cirrhotic patients, patients
with APP less than 60 mmHg showed higher lactate levels and
were statistically highly signiﬁcant with a p value of 0.02 [2].
In a study of shock trauma patients, patients with IAH
showed also a higher lactate level with a p value of 0.02 [22].
APP was highly signiﬁcantly related to Liver SOFA sub-
score with a P value of 0.012.
Recent evidences suggest that portal venous pressure rises
paralelly with IAP. Hepatic artery and portal venous ﬂow
reduces by 40% and 30% respectively at an IAP > 15 mm
of Hg [18].
This strong relation was shown also in a study done on 40
critically ill patients, using the plasma disappearance rate of
indocyanine green (PDRICG) [7].
The PDRICG is considered to be a compound marker for
hepatosplanchnic perfusion and hepatocellular membrane
transport [7].
This study had found that PDRICG correlates signiﬁcantly
with APP (R= 0.62, p< 0.0001) while changes in PDRICG
were associated with signiﬁcant concomitant changes in APP
(R= 0.73, p< 0.0001) [7].
Diabel et al. found that while the mesenteric and intestinal
mucosal blood ﬂow reduction occurs at an IAP of 20 mm of
Hg, hepatic and portal ﬂow become compromised at an IAP
of 10 mm of Hg [18].
IAH may impair hepatic blood ﬂow [18] and/or hepatic
function as it does also compromise other organ functions [7].
Small bowel ischemia and elevated portal venous pressure
cause visceral edema, which further increases the volume of
the abdominal contents in the peritoneal cavity and raises
IAP to an alarming level [18].
As ﬂuid resuscitation is an important aspect of the manage-
ment of septic shock patients, more attention to the problem of
IAH in this setting is urgently needed [14].
In the septic patient, early volume expansion seems to be
beneﬁcial [23] but overzealous ﬂuid resuscitation has been
associated with increased complications, increased length of
ICU and hospital stay, and increased mortality [24,25].
Massive resuscitation with crystalloid ﬂuids, has been asso-
ciated with an increased incidence of ACS [26] with severe and
often irreversible organ damage [10].
Our study showed that low APP is accompanied with ﬂuid
gain (p 0.021) which is a common ﬁnding in most of the recent
literature, that ﬂuid accumulation is an important contributor
to increasing IAP [14].
A study of cirrhotic patients with septic shock, APP was
lower with higher ﬂuid gain but was statistically non signiﬁcant
with a p value of 0.16 [2].
There appears to be a close link between IAH and severe
sepsis and septic shock, with ﬂuid resuscitation as one of the
major contributors to elevated IAP [14].
Updated consensus deﬁnitions and clinical practice guideli-
nes from the World Society of the Abdominal Compartment
Syndrome 2013 addressed the following regarding volume sta-
tus [27]:
They suggest using a protocol to try and avoid a positive
cumulative ﬂuid balance in the critically ill or injured patients
with, or at risk of, IAH/ACS after acute resuscitation has been
completed and the inciting issues have been addressed
[GRADE 2C].In our study using the cutoff point 60 mmHg, APP above
60 mmHg showed a statistically signiﬁcant lower ﬂuid gain
(p 0.024), suggesting that supporting organs function with
vasopressors and judicious goal-directed ﬂuid resuscitation to
maintain an APPP 50 to 60 mmHg is to be advocated [28]
and that reasonable ﬂuid resuscitation is not a major risk fac-
tor for ACS [29].
Because of the nature of the illness and injury associated
with IAH or ACS, these patients retain large volumes of
sodium and water due to capillary leak, and this leads to inter-
stitial edema [15], third spacing and triggering a vicious cycle
of ongoing IAH [9].
Studies involving traumatized patients receiving ﬂuid resus-
citation showed a difference in incidence of ACS according to
volume, in a study done by James et al. [29]volume of ﬂuid
administered was approximately half of that given in a study
by Balogh et al. [30] and much lower than a study by
Azzopardi et al. [31]. It was observed by James et al. that
the only patients in whom severe ACS was seen were those
who received very large crystalloid loads [29].
In this context Cordemans et al. introduced the term global
increased permeability syndrome by addressing the fact that
there seems to be an important correlation between capillary
leak index CLI, extravascular lung water index (EVLWI)
kinetics, IAP, and ﬂuid balance [15].
The major limitations in our study were the number of
patients and the limit of days.
Further the intermittent measurement and calculating the
mean won’t be as good as continuous 24 h measurements to
calculate the mean of the APP.
There was also inequality in numbers between patients with
normal APP (90 patients) and those with low APP (16
patients).
Other causes of elevated lactate levels as indicators of glo-
bal hypoperfusion secondary to low APP cannot be easily seg-
regated in patients of the studied group. MODS mean SOFA
score was 10.2 ± 3.5 with possible poor hepatic lactate han-
dling or shock being other causes of high lactate levels.
6. Conclusion
Decreased APP is detrimental to visceral organs manifested as
high liver subscores and lactate levels.
Low APP is associated with ﬂuid gain; judicious resuscita-
tion is essential to abolish third spacing and decreased APP.
So here werecommend:
 Considering APP as a measure of visceral perfusion instead
of IAP alone if feasible.
 Avoiding extensive positive ﬂuid balance and deal seriously
with ﬂuid overload.
References
[1] Miller M, Michell WL. The effect of intra-abdominal hyperten-
sion on gastro-intestinal function. South African J Crit Care
2011;27:12–9.
[2] Al-Dorzi HM, Tamim HM, Rishu AH, Aljumah A, Arabi YM.
Intra-abdominal pressure and abdominal perfusion pressure in
cirrhotic patients with septic shock. Ann Intensive Care 2012;2
(Suppl 1):S4.
Effect of the abdominal perfusion pressure on visceral circulation 67[3] Chindavech N, Yenarkart S, Kongsayreepong S. Intraabdominal
hypertension and abdominal compartment syndrome in patients
admitted to a medical and surgical ICU at a third referral
university hospital. Crit Care 2013;17:P231.
[4] Bodna´r Z. Intra-abdominal hypertension and abdominal com-
partment syndrome in critically ill surgical patients (special
ﬁndings in severe acute pancreatitis). In: Rodrigo PL, editor.
Pancreatitis – treatment and complications. InTech; 2012, ISBN,
<http://cdn.intechweb.org/pdfs/31141.pdf>.
[5] Cheatham ML. Abdominal compartment syndrome: pathophys-
iology and deﬁnitions. Scand J Trauma Resusc Emerg Med
2009;17:10.
[6] De Waele Jan J, De Laet Inneke. Sepsis management. Berlin,
Heidelberg: Springer Berlin Heidelberg; 2012. http://dx.doi.org/
10.1007/978-3-642-03519-7.
[7] Malbrain ML, Viaene D, Kortgen A, De Laet I, Dits H, Van
Regenmortel N, et al. Relationship between intra-abdominal
pressure and indocyanine green plasma disappearance rate:
hepatic perfusion may be impaired in critically ill patients with
intra-abdominal hypertension. Ann Intensive Care 2012;2(Suppl
1):S19.
[8] Cordemans C, De Laet I, Van Regenmortel N, Schoonheydt K,
Dits H, Martin G, et al. Aiming for a negative ﬂuid balance in
patients with acute lung injury and increased intra-abdominal
pressure: a pilot study looking at the effects of PAL-treatment.
Ann Intensive Care 2012;2(Suppl 1):S15.
[9] De Laet I, Deeren D, Schoonheydt K, Van Regenmortel N, Dits
H, Malbrain ML. Renal replacement therapy with net ﬂuid
removal lowers intra-abdominal pressure and volumetric indices
in critically ill patients. Ann Intensive Care 2012;2(Suppl 1):S20.
[10] De Waele JJ, De Laet I, Kirkpatrick AW, Hoste E. Intra-
abdominal hypertension and abdominal compartment syndrome.
Am J Kidney Dis 2011;57:159–69.
[11] Mohmand H, Goldfarb S. Renal dysfunction associated with
intra-abdominal hypertension and the abdominal compartment
syndrome. J Am Soc Nephrol 2011;22:615–21.
[12] Cheatham ML, Safcsak K. Intraabdominal pressure: a revised
method for measurement. J Am Coll Surg 1998;186:368–9.
[14] De Waele JJ, De Laet I. Sepsis management. In: Rello J, Lipman
J, Lisboa T, editors. Sepsis management. Berlin, Heidelberg:
Springer Berlin Heidelberg; 2012. p. 59–71.
[15] Cordemans C, De Laet I, Van Regenmortel N, Schoonheydt K,
Dits H, Huber W, et al. Fluid management in critically ill patients:
the role of extravascular lung water, abdominal hypertension,
capillary leak, and ﬂuid balance. Ann Intensive Care 2012;2(Suppl
1):S1.
[16] Neumann P. Problematic of intra-abdominal pressure measure-
ment. Anaesthesist 2009;58:527–31.
[17] Carrillo-Esper Rau´l, Sosa-Garcı´a Jesu´s Ojino, Carrillo-Co´rdova
Jorge Rau´l, CL-M. Abdominal compartment syndrome in
trauma. Cir Cir 2012;80:514–8.[18] Mohapatra B. Abdominal compartment syndrome. Indian J Crit
Care Med 2004;8:26.
[19] Ivatury RDL. Intra-abdominal hypertension and the splanchnic
bed. In: Ivatury R, Cheatham M, Malbrain MSM, editors.
Abdominal compartment syndrome. Georgetown: Landes Bio-
science; 2006. p. 129–37.
[20] Regueira T, Hasbun P, Rebolledo R, Galindo J, Aguirre M,
Romero C, et al. Intraabdominal hypertension in patients with
septic shock. Am Surg 2007;73:865–70.
[21] Serpytis M, Ivaskevicius J. Intra-abdominal hypertension and
multiple organ dysfunction syndrome. Medicina (Kaunas)
2005;41:903–9.
[22] Balogh ZJ, Martin A, van Wessem KP, King KL, Mackay P,
Havill K. Mission to eliminate postinjury abdominal compart-
ment syndrome. Arch Surg 2011;146:938–43.
[23] Cerda J, Sheinfeld G, Ronco C. Fluid overload in critically ill
patients with acute kidney injury. Blood Purif 2010;29:331–8.
[24] Schrier RW. Fluid administration in critically ill patients with
acute kidney injury. Clin J Am Soc Nephrol 2010;5:733–9.
[25] LeTourneau JL, Pinney J, Phillips CR. Extravascular lung water
predicts progression to acute lung injury in patients with increased
risk. Crit Care Med 2012;40:847–54.
[26] Madigan MC, Kemp CD, Johnson JC, Cotton BA. Secondary
abdominal compartment syndrome after severe extremity injury:
are early, aggressive ﬂuid resuscitation strategies to blame? J
Trauma 2008;64:280–5.
[27] Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain
MLNG, De Keulenaer B, et al. Intra-abdominal hypertension and
the abdominal compartment syndrome: updated consensus deﬁ-
nitions and clinical practice guidelines from the World Society of
the Abdominal Compartment Syndrome. Intensive Care Med
2013;15. http://dx.doi.org/10.1007/s00134-013-2906-z.
[28] Cheatham ML, Safcsak K. Is the evolving management of intra-
abdominal hypertension and abdominal compartment syndrome
improving survival? Crit Care Med 2010;38:402–7.
[29] James MFM, Michell WL, Joubert IA, Nicol AJ, Navsaria PH,
Gillespie RS. Resuscitation with hydroxyethyl starch improves
renal function and lactate clearance in penetrating trauma in a
randomized controlled study: the FIRST trial (Fluids in Resus-
citation of Severe Trauma). Br J Anaesth 2011;107:693–702.
[30] Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Valdivia A,
Sailors RM, et al. Supranormal trauma resuscitation causes more
cases of abdominal compartment syndrome. Arch Surg
2003;138:637–42, discussion 642–643.
[31] Azzopardi EA, McWilliams B, Iyer S, Whitaker IS. Fluid
resuscitation in adults with severe burns at risk of secondary
abdominal compartment syndrome – an evidence based system-
atic review. Burns 2009;35:911–20.
